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The structure of type II collagen gene is extremely well conserved but contains a cluster of high frequency polymorphisms 
in a 2.2 kb area. Here we report the nucleotide sequence of this DNA area, essential for the PCR-facilitated RFLP-analy- 
ses of this gene. In the structural analyses we found four differences in the deduced human amino acid sequence when 
compared to the published bovine amino acid sequence. The donor and acceptor signals and branch point signals required 
for the splicing events were in agreement with mammalian consensus equences. The frequency of inverted repeats which 
could provoke the DNA strand to loop formation and consequently to deletion mutations did not differ from that found 
in other sequenced genes coding for tibrillar collagens. 
DNA, recombinant; Collagen, al(I1); Polymorphic cluster; Splicing signal; Inverted repeat 
1. INTRODUCTION 
The studies on the polymorphisms of type II col- 
lagen gene have revealed that high-frequency 
polymorphisms are situated close to each other, 
separated only by about 2200 bp [ 11. This 
polymorphic area of the well conserved type II col- 
lagen gene is located in the middle of the coding 
area for the triple helical part of the molecule and 
serves as a good candidate for a mutation sensitive 
area of this gene. We sequenced this area for two 
reasons: firstly to provide information for scien- 
tists interested in the non-radioactive detection of 
the polymorphisms of type II collagen gene using 
the polymerase chain reaction and secondly to 
search for the possible structural elements that 
could make the DNA strand more vulnerable to 
genetic rearrangements. 
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2. MATERIALS AND METHODS 
We constructed two subclones from the full-length genomic 
clone of type II collagen gene [2] into pGem 3 blue vector (Pro- 
mega). The sequencing was performed on two strands by 
Sanger’s dideoxynucleotide method using T7 DNA polymerase 
(United States Biochemical) (see fig. 1) and the DNA sequences 
were analysed with the PC GENE program (GENOFIT). 
3. RESULTS AND DISCUSSION 
3.1. Exon sequences 
Collagen gene sequences demonstrate xtremely 
high evolutionary conservation from species to 
species. Especially the gene regions coding for the 
triple helical parts of the collagens have obviously 
been exposed to an evolutionary pressure preserv- 
ing the pattern of the exonic domains [3]. E.g. the 
sequences of human, bovine and even chicken type 
I collagen genes demonstrate a high degree of 
homology at the amino acid level [4]. The well con- 
served type II collagen gene contains, however, a 
2.2 kb area with two high frequency polymor- 
phisms [l]. For the sequence analyses of this area, 
the PvuII (polymorphic)-PvuII and KpnI-BarnHI 
fragments were subcloned (see fig.1). This 
subcloning strategy was based on the published 
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Fig.1. (a) Collagen aI gene, (b) the sequenced area, (c) the KpnI-BumHI subclone with the exons found, (d) the PvuII-PvuII 
subclone with the exons found. The primers with their names and the primary sequencing directions are indicated by arrows. The 
polymorphic restriction sites are marked with an asterisk. 
restriction maps locating the polymorphic PvuII 
and constant KpnI sites which are distinctly apart 
from each other [5,6]. However, we established the 
location of these sites to be only 9 bp apart. The 
sequenced individual did not have the polymorphic 
Hind111 site but with a computerized search allow- 
ing one point mutation in the restriction site we 
found four potential Hind111 sites within 120 bp 
and they are given in fig.2. 
The sequenced DNA strand accommodated 
seven exons, numbers 28-34, coding for 156 
amino acids of the triple helical region of type II 
collagen. The detected high frequency of exons is 
typical to triple helical regions also in other, better 
known collagen genes [7]. The predicted amino 
acid sequence of human exons differed from the 
reported bovine amino acid sequence [8] by four 
residues (fig.2). Two of these variations occurred 
at X and two at the Y positions in the Gly-X-Y 
triplet essential for triple helix formation. 
3.2. Exon/intron boundaries and splicing signals 
When the intron-exon ratio was compared to the 
published values for chicken type II collagen, the 
ratio of 4.7 versus that of 2.4 demonstrates the 
larger average size of human introns in the triple 
helical region leading to the larger size of the 
human gene [2,9]. The sequences for donor and ac- 
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ceptor splicing signals in the sequenced introns 
(table 1) were in good agreement with the 
generalized mammalian splicing signals [ 10,111. 
The branch point signals, considered essential for 
the lariat formation in splicing, are obligatorily 
located about 18-37 bp from the 3 ‘-end of each 
intron [10,12]. We found these signals in all se- 
quenced introns less than 31 nucleotides from the 
3 ‘-end and intron 32 had this signal only 12 bp 
from the 3 ’ -end. Intron 29 contained two potential 
branch point signals, 3 1 and 21 bp from the 3 ’ -end 
(fig.2). All the branch point signals were in agree- 
ment with the general consensus equence reported 
for mammalian introns: C/T T N A Pu/T [lo- 121. 
3.3. Structural features providing a hypothetical 
predisposition to rearrangements 
In the well conserved collagen genes, some 
mutations lead to various inherited connective 
tissue diseases of man [ 131, and two human 
diseases have so far been linked to type II collagen 
gene: Stickler’s syndrome [14] and a familial form 
of osteoarthrosis [15]. The more detailed studies of 
mutations of this particular gene are severely 
hampered by the practical unavailability of mRNA 
and protein from cartilage tissues of diseased in- 
dividuals, because the levels of type II collagen 
mRNA are very low or non-existent in the mature 
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Fig.2. The genomic DNA sequence of collagen cul(II) from the 5’-polymorphic PwII site to a 3’-BumHI site. The boxed sequences 
marked 1 to 3 are the three inverted repeats and the underlined sequences are the branch point signals, intron 29 having two of them 
(see section 3). Above the numbered exonic sequences (capital letters) are marked the corresponding amino acids. The four bovine 
amino acids differing from this human amino acid sequence are marked above. The four possible Hind111 sites are indicated by *HIII. 
cartilage and it is practically impossible to obtain 
enough protein from living individuals. This forces 
the research to the DNA level. Potential candidate 
areas for rearrangements in large, well conserved 
collagen genes are regions demonstrating varia- 
tions between individuals. In type II collagen gene 
the known high frequency polymorphisms are 
located on the 2.2 kb area close to the middle of 
the gene [l]. After determining the nucleotide se- 
quence of this area we performed the computerized 
search for structural features which could make 
this particular area more susceptible to rear- 
rangements e.g. during meiotic divisions. We 
found 9 inverted repeats of 10 or more nucleotides 
and three of them were located 200-500 bp apart, 
the distance favoring small deletions during 
meiotic divisions (see fig.2). The distance between 
the repeats and the start of the exons varied from 
65 to 209 bp. The inverted repeats did not carry a 
high degree of internal homology nor significant 
homology to inverted repeats we have found in 
other sequenced collagen genes [6,8]. The majority 
of the repeats represented GC-rich DNA areas, 
these nucleotides counting for over 70% of the 
nucleotide sequences. 
In the previously published genomic sequence 
from the triple helical area of al(I) collagen con- 
taining 4300 bp and 19 exons, we found four in- 
verted repeats predisposed to small deletions [6]. 
The analyzed polymorphic area of the human type 
II collagen gene thus only contains a slightly higher 
frequency of such inverted repeats in proportion to 
173 
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Table 1 
(A) 5’ splice junction 
AG:GTAAGT 
A 3 2 : 0 0 5 6 0 0 
C 1 0 : 0 0 0 0 0 0 
G 3 4 : 7 0 2 1 7 0 
T 0 1 : 0 7 0 0 0 7 
(B) 3’ splice junction 
- Py x 10 - C C A G:G 
A200001010000700 
Cl42232325345000 
G010002111020077 
T 425542331412000 
The different nucleotides found in specific positions in the 5’ 
and the 3’ splice junctions. The consensus sequences are 
marked under the line 
the length of the sequence. Further, we found five 
such inverted repeats in the published 2450 bp long 
sequence including 8 exons sequenced from the 
human gene coding for the triple helical part of 
type II collagen [8]. Consequently, these com- 
parisons suggest hat this polymorphic DNA area 
is structurally not exceptionally vulnerable to 
meiotic disturbances. 
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